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FOREWORD 

The investigation described herein constitutes one phase of studies 
conducted during 196^ and IQ65 at the U. S. Army Engineer Waterways 
Experiment Station (WES) under U. S. Air Force Project Wo. laO-A, MIPB No. 
AS-h-lTJ,  "Development of Landing Gear' Design Criteria for the CX-HLS 
Aircraft." (The CX-HU3 is now designated C-5A.) Tills program was spon- 
sored and directed ty the Landing Gear Group, Air Force Flight Etsmamlcs 
Laboratory, Ttesearch and Technology Division, Mr. R. J. Parker, Project 
Engineer. 

These tests were conducted by personnel of the WES Flexible Pavement 
Branch, Soils Division, and Arny Mobility Research Branch, Mobility and 
Environmental Division, under the general supervision of Messrs. W. J. 
Turnbull, A. A. Maxwell, and R. G. Ahlvin of the Soils Division and W. G. 
Shockley, S. J. Knight, and D. R. Freitag of the Mobility and Environmental 
Division. The tests were under the direct supervision of Mr. D. N. Brown. 
Other personnel actively engaged in this study were Messrs. C. D. Burns, 
D. M. Ladd, A H. Rutledge, H. H. Ulery, Jr., W. J. ffl.ll, Jr., and G. M. 
Hammitt II of the Soils Divisi'/n, and J. L. Suuth of the Mobility and 
Environmental Division. This report was prepared by Messrs. Rutledge and 
Hammitt. 

Directors of WES during the conduct of this investigation and prep- 
aration of this report were Col. Alex G. Sutton, Jr., US,  and Col. John R. 
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany. 

Publication of this technical documentary report does not constitute 
Air Force approval of the report's findings or conclusions. It is pub- 
lished only for the excliange and stimulation of ideas. 

AIVARS V. PBTBRSONS 
Actg_Chief, Mechanical Branch 
Vehicle Equlpnent Division 
AF Flight Dynamics Laboratory 
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ABSTEACT 

This data report describes work undertaken as part of an overall 
program to develop ground-flotation criteria for the C-5A aircraft.    Eight 
unsurfaced test lanes having low CBR values were constructed in soil test 
cars with one item in each lane.    Traffic was applied to the eight lanes 
using a single-wheel assembly with a 9.00-14, 8-ply tire, buffed smooth. 
Five lanes were trafficked with a 1000-lb load on a tire with inflation 
pressures ranging from 10 to ho psi, and three lanes were trafficked with 
a 2000-lb load on a tire with inflation pressures ranging from ko to 80 
psi. 

The information reported herein includes a description of the test 
lanes, characteristics and print dimensions of the load aseembly tire, and 
data collected on soil strengths, surface deformation and deflections, and 
drawbar pull.    The traffic-coverage level at which each item was considered 
failed is also given. 
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SUMMARY 

Tests included in this report are  one phase of a ccsnprehensive 
zesearch program to develop ground-flotation criteria for heavy cargo-typ« 
aircraft. The eight tests reported herein made use of eight test lanes 
and involved soil strengths of approximately 1 and 2 CBR, two loads, and 
various inflation pressures. All lanes were unsurfaced. 

Traffic was applied to the eight lanes using a single-wheel assembly 
with a 9.00-1^, 8-ply tire buffed smooth. Five lanes were trafficked with 
a 1000-lb loading on a tire with inflation pressures ranging from  10 to 1*0 
psi, and three lanes were trafficked with a 2000-lb load on a tire with 
inflation pressures ranging from 40 to 80 psi. 

Data were recorded throughout testing to give a behavior history of 
each item. Basic performance data are summarized in the following 
paragraphs. 

Lane 1 

Lane 1 was considered failed due to shear displacement and upheaval 
at 200 coverages. The rated CBR of the lane was 1.4. 

Lane 2 

Lane 2 was considered failed due to excessive rutting and roughness 
at 2k coverages. The rated CBR of the lane was 1.0. 

Lane 3 

Lane 3 was considered failed due to excessive ruttlr« at IB coverages. 
The rated CBR of the lane was 1.1. 
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Lane k 

Lane k waa considered failed due to excessive rutting at 50 coverages. 
The rated CER of the lane was 1.2. 

Lane 3 

Lane 5 vas considered failed at 38 coverages due to excessive rutting. 
The rated CJBB of the lane vas 2.3. 

Lane 6 

Lane 6 vas considered failed due to excessive rutting at 50 coverages. 
The rated CBR of the lane vas 2.6. 

Lane 7 vas considered failed due to excessive rut ing at 44 coverages. 
The rated CM of the lane vas 2.3' 

Lane 8 was considered failed due to excessive rutting and rcugbnese 
at 178 coverages. The rated CM vas 1.1. 
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PAKT XK MOÄ KEPORT OH LIGHT-LOAD TRAWIC TESTS 

SBCTIOH I:    INTEODUCTION 

Hie imrestlgatloD reported herein is one phase of a canprehenBive 
research program belog conducted at tdie U.S. Azsgr Engineer WaterHays 
Experiment Station (WES), Vlckshurg, Miss., as part of U. S. Air Farce 
Project Ho. lHO-A, MIPB Ho. AS-k-lfJ,   vo derelop grouM-llotatlcm rrito^la 
for the C-5A, a heavy cargo-type aircraft.    Specifically, the tests 
reported herein are part of a series of tests to inpronre existing ground- 
flotation criteria In the light-load, lov-tlre-pressure range and study 
the possibilities of applying model scaling principles to reduce the 
quantity of full-scale field tests required to develop ground-flotation 
criteria. 

Prosecution of this Investigation consisted of constructing eight 
similar lanes and subjecting them to two test loads with a single-vheel 
assembly with various inflation pressures. 

This report presents a description of the test section and load 
vehicle, and gives results of traffic.    Squlpsent usud, types of data and 
method of recording them, and general, test criteria are explained and 
illustrated herein.   Analysis of data will be included In Part I of this 
report. 



ji~iEBai_- 

SECTION U:    H LANE AND IDAD VEHICLE 

-A Lane 

The test lanes were enclosed within a roofed area Iri order to allow 
control of the subgrade CBR (California Bearing .Ratio).    Xhe test lanes 
were prepared in movable cars constructed of st«el plate (figure K) with a 
cross-section shape as shown in figure 1.   These cars and their associated 
loading and electronic monitoring and measuring equipment were developed in 
conjunetlon with An^r Ground Mobility Research being conducted at the WES. 
Complete description of the facility is not pertinent to this report, but 
can be found in WES Technical Report No. 3-666.*   Two cars, each 27 ft 
long with removable end gates, were joined end to end before so:fl placemeat 
was begun to make a test unit.    The soil, placed In compacted lifts, was a 
heavy clay soil (buckshot; classified as CH according to the Unified Soil 
Classification System, MIL-STD-619).   Gradation and classification data 
for the subgrade material are given in Part I, 

Figure 1.    Cross section of soil car 

Two different subgrade strengths were obtained In the lanes by 
controlling water content and compaction effort.   All items were unsurfaced. 

Load Vehicle 

Figure k shows the operations area of the test facility.   The test 
carriage is shown In figure 5*   The test carriage is supported by 

*   U. S. Army EBgine^r Waterways Experiment Station> CE, Performance of 
Solls Under 'i'i'e Loads, ty J. L. McRae, C. J. Powell, and R. D. Wlsimjr. 
Technical Äapbrt 3-Ö&S, Report 1 (January 1965). 



rubber-tired rollers on a pair of accurately aligned and graded overhead 
'rails which are, in turn, suspended from cantilever columns and crossarms 
in a manner very similar to a typical monorail system. The carriage is 
towed by au endless steel cable which is fastened, fore and aft, to the 
carriage, passes over pulleys at the ^nds of the track system, and is 
driven by sheaves mounted on a platform above the overhead rails. The 
speed of the towing cable can be varied continuously from 0 JJO about 26 
ft per sec, and the cable pulleys can be shifted transversely across the 
width of the soil cars, alon^ with the test carriage, so that the traffic 
can be applied along any line withix the cars. 

Load can be applied to the wheel by the addition of dead weights or 
by pneumatic cylinders mounted between the upper and lower frames of the 
carriage. The load was applied pneumatically during the tests reported 
herein, with the exception of dead load used in calibration procedures. 
For tesfc lanes 1 through k and 8, the wheel load was 1000 lb and tir» pres- 
sures ranged from 10 to MD psi. For test lanes 5 through 7, the load was 
2000 lb and pressures ranged from 1(0 to 80 psi. A single-wheel load assem- 
bly was used on all lanes. 



SBCTIOR III: APPLICATIOH OF TRATPIC, FAILURE CRITEHIA, 
AMD MIA COLLECTED 

Application of Tralfic 

fhe load vehicle was operated to produce uniform traffic coverage on 
the center portion of lane 1. Figure 2 shows the general method of applying 
traffic on lane 1. The dashed lines in the figure represent the center of 
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Figure 2. Traffic application pattern 

tire patha over which 1 pass WRS applied after each 20 coverages within 
the main portion of the traffic lane.    This infrequent additiomd traffic 
was necessary to limit upheaval of soil outside the lane that resulted from 
traffic within the lane. 

The traffic patter/   ^%s changed after trafficking lane 1 to that shown 
in figure 17 for the remaining seven tests.    The revised pattern represents 
a normal statistical distribution of traffic about the lane center line.    It 
should be noted that at any given point within the pattern the coverage 
level is greatest on lane center line and decreases as the distance from 
the lane center line increases.    In both of the traffic patterns described 
herein, a forward run and a backward run were made in the same path before 
moving the wheel laterally to the next path in sequence. 

Failure Criteria 

Failure criteria used in this investigation and descriptive terms 
used in presentation and discussion of data in all parts In thl« report are 
pretoented in Part I. 



Data Collected 1   ' 

Jin oscillograph capable of handling 36 channels of data was utilized 
for gathering data while the test carriage was in motion. The data gath- 
ered Included rolling resistance (drawbar pull), wheel load, carriage 
acceleraticn, carriage position, wheel revolutions, and wheel sinfcage 
(vertical position of the wheel relative to an arbitrary horizontal datum 
plane), lining marks on the oscillograph allow the evaluation of data in 
any of the above data areas with respect to time. A general outline of 
types of data collected is given in the following paragraphs. 

CBR, cone index, water 
content, and dry density 

Cone index is the measuronent normally used for strength determina- 
tions in the ground mobility facility in which the tests reported herein 
were conducted, whereas GBR is the strength measurement used in all 
grormd-flotation tests. In the tests reported herein, both cone index 
and CBR values were obtained for each lane. A correlation of these two 
measurements was therefore possible. Figure 3 shows the relation between 
CBR and cone index for this study. 
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CBR, cone index, water content, and dry density of the subgrade were 
measured for each test item prior to application of traffic, at Intermediate 
coverage levels, and at failure.   After traffic was concluded on an item, 
a measure of aubgrade strength termed "rated CBR" was determined.   Rated 
CBR is generally the average CBR value obtained from all the determinations 
made in the top 12 in. of soil during the test life of an item.   In certain 
instances, extreme or irregular values may be ignored if the analyst de- 
cides that they are not properly representative. 

Surface roughness, or 
differential deformation 

Surface roughness, or differential deformatioc, measurements were 
made using a 6-ft straightedge at various traffic-coverage levels on all 
items.    Rut depths were also measured for all items. 

Deformations 

Deformations, defined as permanent cumulative surface changes in 
cross section or profile of an item, were charted by means of instru- 
mentation at pertinent traffic-coverage levels. 

Deflection 

Deflection of the test surface under an individual static load of the 
trucking assembly was measured at various traffic-coverage levels on all 
items.   Elastic (recoverable) deflections were also measured on all items. 

Rolling resistance 

Rolling resistance, or drawbar pull, measorements were performed with 
the load vehicle over each test item at designated coverage levels.    Two 
types of drawbar measurements were taken;    (a) everage lorce required to 
maintain a constant speed once the load vehicle is in motion, termed 
"rolling DBF"; md (b) maximum force obtained during the constant speed 
run, termed "peak, DBF." 



SECTION IV; BEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS 

A characteristic behavior conanon to all tests was general subsidence 
within the lane accompanied by lateral shear displacement. This accounts 
for the upheaval of material outside the traffic lane, as seen in each of 
the cross sections and photographs. Figure 6 shows a view that is typical 
of all lanes prior to traffic. 

Lane 1 

Behavior of items under traffic 

Due to the limited width of the lane (three tire points wide), the 
midportion of the lane experienced less subsidence than did the two outer 
tire paths. An uneven profile, accounting for considerable roughness, 
developed at higher coverage levels. The lane was considered failed due to 
excessive upheaval at 200 coverages (figures 7 and 8). The rated CBR was 
1.4. 

Test results 

Table 1 sumnarizes the results of trafficking ar 
values. Table 2 shows tire data. 

drawbar pull 

The following on was obtained from trafl-o tests on lane 1. 

ä* RQüflbneaa. The maximum center-line deformation was 1.88 in. at 
failure (table l). IBie maximum transverse departure from a 6-ft 
straightedge was 5.7 in. 

b. Defoncation. Pigtuas 18 «aid 19 show average cross-section and 
permanent profile deformations, respectively, at failure. 

£• Deflections. Elastic subgrade deflection was 0.21 in, at 200 
coverages. 

d. Rolling, resistance. Drawbar pull values at various coverage 
levels are shoiih in table 1. 

Lane 6 

Behavior of items under traffic 

Sinee the proeedure« fbr Irafficklfig the lanes were changed after 



trafficking lane 1, a rerun of lane 1 was desired.   Therefore, lane 8 is 
a rerun of lane 1. 

Lane 6 was declared failed at 178 coverages due to excessive rut- 
ting and roughness.    The rated CBR was 1.1.   Figure 9 shows lane 8 at 
failure. 

Test results 

Table 1 sumnarizes the results of trafficking and shows drawbar pull 
values.    Table 2 shows tire data. 

The following information was obtained from traffic tests on lane 8. 

ä*    Roughness«    The maximum center-line deformation was 2.15 in. at 
failure (table l).   The maximum transverse departure from a 6-ft 
straightedge was 3.5 in. 

£•   Poft>™*tlon.   Figures 18 and 19 show average cross-section and 
permanent profile deformations, respectively, at failure. 
However, for the profile along the lane center line figure 19 
shows a plot of relative elevation since no original ground 
shots were taken prior to traffic.    These plots do not reflect 
the true magnitude of surface deformation, but do attest to the 
uneven surface condition. 

£.*   Deflections.   The elastic soil deflection measured 0.30 in. at 
■       failure. 

d.   Rolling resistance.   Average and peak drawbar pull values were 
determined at various coverage levels, as shown In table 1. 

Lane 2 

Behavior of iteaas under traffic 

With the Increase In tire pressure to 20 psi, more severe deformation 
resulted.    With the application of traffic, soil began to adhere to the 
tire, making it neoeisary to remove excessive amounts of clay ler $6 
continue testing.   Lane 2 was declared failed at 2k coverages 
excessive ratting «ad roughness (figure 10),   The rated CBR 

test results 

Table 1 susBarizes the results of trafficking and show« drawbar pull 
values.   Table 2 shows tire data. 
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übe following information was obtained from traffic tests on lane 2. 

a. Roughness.    The aaximun center-line deformation was 2.kZ in. 
at failure (table l).   The maximum transverae departure from 
a 6-ft straightedge was It.5 in. and diagonal departure was 
3.0 in. 

b. Defomation.    Figures 20 and 21 show average cross-section and 
permanent profile deformations at failure. 

c. Deflections.    The elastic soil deflection measured 0»kf in. at 
failure."" 

d. Rolling resistance.   Average and peak drawbar pull values were 
determined at various coverage levels, as shown in table 1. 

Lane 3 

Behavior of items under traffic 

Traffic was continued to 2k coverages (figure 11), though failure was 
declared at 18 coverages due to excessive rutting.   The load wheel re- 
quired cleaning after each two passes following 12 coverages due to soil 
adhering to the tire as in lane 2.   Figure 12 shows a load wheel with an 
accumulation of soil during testing.   The rated CBR was 1.1. 

Test results 

Table 1 summarizes the results of trafficking and shows drawbar pull 
values.   Table 2 shows tire data.   The following information was obtained 
from traffic tests on lane 3. 

i*   Roueboess.   The maximum center-line deformation was 2.36 in. at 
failure (table i).   The maximum transverse and diagonal depar- 
tures from a 6-ft straightedge were 5.0 and k.O in., respectively, 
at 2k coverages (six postfallure coverages). 

~'   Reformation,,    Figures 20 and 21 show average cross-section and 
permanent profile deformations at 2k coverages (six postf allure 
coverages). 

£•   Deflactiona.   The elastic soil deflection was 0.6b in. at 2k 
coverages (six postf allure coverages). 

d.   ftolliHg realatanc«.   Average and peak drawbar pull values were 
de^ermfned« a« shown in table l« 



Lane k 

Behavior of item under traffic 

The tire inflatioa pressure was 1*0 psi and the rated CBR was 1.2 for 
lane k.   After lh coverages, soil began to adhere to the tire (figure 12) 
and had to he removed periodically.    The lane was declared failed at 50 
coverages due to excessive rutting (figure 13). 

Test results 

Table 1 sunmarizes the results of trafficking and shows drawbar pull 
values.    Table 2 shot« tire data.    The following information was obtained 
from traffic tests on lane k, 

a. Roughness.    The maximum center-line deformation was 2.kh in. at 
failure (table l).    The maxitBum transverse and diagonal depar- 
tures from a 6-ft straightedge were 5.0 and ^.3 in., respectively. 

b. Deformation.   Figures 22 and 23 show average cross-section and 
permanent profile deformations at failure. 

£.    Deflections.   The elastic soil deflection was O.38 in. at failure. 

d.    Rolling resistance»   Average and peak drawbar pull values were 
determined at various coverage levels, aa shown in table 1. 

Lane 5 

Behavior of it aas under traffic 

A r000-lb load and to-psi Inflation pressure were used on a soil with 
a 2.3 rated CBR in lane 5.   The lane was declared failed at 38 coverages 
due to excessive rutting (figure Ik). 

Test results 

Table 1 summarizes the results of trafficking and shows drawbar pull 
values.    Table 2 shows tire data.    The following information was obtained 
from traffic tests on lane 5. 

a-,-    Roughness.    The maximum center-line deformation was 3.32 in. at 
failure (table l).   The max'jmaa transverse and diagonal depar- 
tures fi'cm a 6-ft straightedge were 8.3 ani ^.8 In., respectively. 

b.    Deformation.   Figures 22 and 23 show average cross-sect ion slid 
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peroÄnent profile deformations at failure. 

£• De flection«. The elastic soil deflection was O.38 in. at 
failure. 

d. Boiling resistance. Average and peak drawbar pull values were 
detemined at varioua coverage levels, as shown in table 1. 

Behavior of iteme under traffic 

Lane 6 

A 2000-lb load and 60-psi inflation pressure were used on a soil with 
a 2.6 rated CBR in lane 6.   She lane was declared failed at 50 coverages 
due to excessive rutting (figure 15).   No unusual behavior occurred. 

Test results 

Table 1 suBBjarisses the results of trafficking and öhows drawbar pull 
values.    Table 2 shows tire data.   Ihe following inrormation was obtained 
from traffic tests on lane 6. 

a. Roughness.    The maximum center-line deformation was 2.65 in. 
at failure (table l).    The maximum transverse and diagonal 
departures from a 6-ft straightedge were 6.0 and 3,5 in., 
respectively. 

b. Defonnation.   Figures 2k and 25 show average cross-section and 
permanent^bfile deformations at failure. 

c. Deflections.    The elastic soil deflection was 0.51 in. at 
failure. 

d. Bo: 
(leise 

resistance. Average and peak drawbar pull values were 
ed at various coverage levels, as shown in table 1, 

Lane 7 

Behavior of items under traffic 

The last of the tests havLag a 2000-lb load was conducted on lane 7 
with an inflation pressure of 00 psi and a soil strength rated 2.5 CÜ.   3lo 
unusual conditions developed during the test.   The lerne was considered 
failed at kh coverages due to excessive rutting (figure 16), 

II 



Sfefft reaultg 

Table 1 Bunsarlzes the results of trafficking and shows drawbar pull 
values.    Table 2 showp tire data.    The following information was obtained 
from traffic tests on lane 7. 

&•    Bouffaness.   The maxlwua center-line defomation was 2.51 in. at 
failure (table l).    The rnaximua transverse and diagonal depar- 
tures fro« a 6-ft straightedge were 7.0 and 3.8 in., respectively. 

£*    Defomation.   Figures 2k and 23 show average crosc-section and 
permanent profile deformations at failure. 

jc.   Deflections.   Tbe elastic soil deflection was 0.73 in. at failure. 

d.   Bollins resistance.   Average and peak drawbar pull values were 
determined at various coverage levels, as shown in table 1. 



SgCTIOW Y:    PRUKJIPAL BTKDIHGB 

fzaä tho foregoing discussion, the prlnoipai findings rel&tiug test 
load, wbeeJ. asseably, tire inflation preecure, subgrade CBR, and traffic 
coreiages are as follows; 

I>oad Wheal Aswqably 

1000-lb load; single- 
wiiecl assenbiy; 9.00-lU, 
8-ply tire 

2000-lb load; singla- 
wheel assenbiy; 9'00-lk, 
8-p2y tire 

*   All lanes were unsurfaced. 

Lane 
Tire 

psi 

Bated 
Subgrade 

CBS 

Coverages 
at 

failure 

1 10 1.4 200 

8 10 1.1 178 

2 1.0 2h 

3 ao 1.1 18 

k ko 1.2 50 

5 to 2.3 38 

6 60 2.6 30 

7 80 2.5 i* 



Ttsn i 
SUHKÄRY Or TRAFHC OWJd, UBBS 1-8 

Lane 

2 

at 
w 
50 

T Mi-"    ' 
Cover- Coa« BKtCd WJMI ins     Pert 
,•«»» 

59 

towl l»i  JÜÄl 

i 4.5 i»5      80 
2 51    ion 
1» 56      35 
6 ä»   ios 

is 63     105 
18 68      95 
21« 70     110 
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Figure 6.  Prepared seil car prior to traffic 
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Figure ?.    Lane 1 at 200 coverages  (failure) 
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Figure 10. Lane 2 at 2k  coverages (failure) 
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Figure 11.  Lane 3 at 2k  coverages (six postfailure coverages) 
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Figure 12. Load wheel showing soil accumulation 
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Figure 13.  Lane h  at 52 coverages (two postfailure coverages) 
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13   ABSTRACT:  Eater an abatract giviag a brief and foctoat 
auatatary of tbo docuawnt indicative of the roport, even though 
It «ay alao appanr elcewbere In tb« body of the technical re- . 
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